Abstract: In July 2009, the 2005 basic Japanese input/output table was publicized together with its physical transaction table. This research paper analyzed the 2005 IO (input/output) table to create building industry-related intensities and, at the same time, compared the building industry with industries at large for distribution margins and transportation. The analysis of distribution margins separately for middle and purchaser margins found that middle margins in the building industry are minor at 35% of the averages for all industries, while purchaser margins are sizable at 1.8 times, proving that it is an industry for which local production for local consumption is quite effective. CO 2 emissions resulting from transportation in the building industry were calculated and concisely characterized. Although the ratio of transportation CO 2 emissions to total CO 2 emissions in each industry finds almost no difference between general industries and the building industry, transportation CO 2 emissions per production value are two to three times heavier than those from general industries to be justified as a transportation-intensive industry.
Nomenclature


Input and output tables
The input/output tables are systematically present and clarify all the economic activities being performed in a single country, showing how goods and services produced by a certain industry in a given year are distributed among the industry itself, other industries, households, etc., and presenting the results in a matrix format Input and output analysis
The use of national economy and energy, and CO 2 data in a model to derive national average embodied energy/CO 2 data in a comprehensive framework Embodied energy The energy required directly and indirectly in all activities associated with the provision of goods or service, including the amounts consumed in all upstream processes
Introduction
In [2, 3] , thereby indicating that the reduction of CO 2 emissions caused by construction is greatly influenced by the intensities of carbon dioxide subject to a change in the entire industrial structure of Japan, despite the indicated effectiveness of a design contrivance. Thus, based on the idea that the latest intensities are indispensable for design, this paper was brought to a conclusion. The 2005 IO table contains distribution margins by industrial sector to be input into the building sector (residential/wooden, residential/non-wooden, non-residential/wooden, non-residential/non-wooden) that has not been conducted in previous IO tables. With distribution margins considered as an issue directly involved in local production for local consumption, distribution margins and CO 2 emissions resulting from construction activities were collated. Since physical transactions by industry from 1 million yen's worth of production are also contained in the data, it was determined that energy consumption and CO 2 emissions caused by construction could be calculated, using producer's and purchaser's price-based type intensities by business identified in this paper.
In Japanese research papers concerning distribution margins of buildings, the energy used in the transportation of materials such as steel, ready-mixed concrete and wood has been reported [4] [5] [6] [7] . Imada et al. [4] reviewed existing studied and inventory databases, and summarized type of methodology of each database to obtain energy consumption and CO 2 emissions due to transportation process. Ikaga et al. [5] conducted a survey on the imported wood products, and obtained CO 2 intensities due to wood products transportation, and reported CO 2 emissions of imported woods products due to transportation occupy 30%-40 % of total CO 2 emission of wood products' whole process from production process to construction site. Amano et al. [6] conducted IO analysis and process analysis on cement and concrete products, and reported that CO 2 emissions due to transportation occupy about 12% of total CO 2 emission of concrete products from production process and construction site. Yamabe et al. [7] performed a simulation of circulation type of steel products in a society and showed that 173,015~199,406 t-CO 2 for transportation of 1,180,080 t steel products.
Overseas, Cole [8] and Cole and Kerman [9] calculated embodied CO 2 by structure and determined CO 2 emissions per floor area from traffic resulting from construction.
In some other papers, CO 2 emissions from construction were successfully reduced by getting a little creative with the materials to be used [10] [11] [12] . Lenzen and Treloar [10] compared the analytical results of inter-industrial relationships for embodied energy in construction materials, analyzed the wood and concrete designed buildings, and showed that the concrete-framed building causes higher CO 2 emissions. Gonzalez and Navarro [11] showed the possibility of reducing the CO 2 emissions up to 30% in the construction phase, through a careful selection of low environmental impact materials. Buchanan and Honey [12] compared several buildings and found that the modest change from concrete and steel to more wood construction could lead to a substantial reduction in energy requirements and carbon dioxide emissions.
Studies about embodied CO 2 are also published in volume abroad and they point out the importance of quantifying CO 2 emissions. Ramesha et al. [13] conducted a critical literature review of the life cycle energy analyses of buildings and summarized the definition of embodied energy resulting from 73 cases across 13 countries, and showed that embodied energy is 10%~20% of total energy of building life cycle.
Dixit et al. [14, 15] performed a review of literature in the realm of embodied energy, identified parameters causing variations in embodied energy data, and determined unresolved issues in existing international LCA (life cycle assessment) standards.
Method of Calculation
Competitive Import-Type Matrix
This paper used the producer's price-based input/output Table S publicized by the Ministry of Internal Affairs and Communications. Basic Table S has a 520 × 407 matrix and this was arranged into a 401 × 401 square matrix by consolidating column or row items containing a business name different between column and row items. Determining that the competitive import-type inverse matrix is common, such an inverse matrix is calculated, using the following equation: 
Determination of CO 2 Emissions Intensities
In the transaction table, the physical consumptions and prices for 134 items are given for each industrial sector. This paper prepares physical consumption intensities beforehand by dividing physical consumption in industrial sector by the domestic output X and calculates the ultimate domestic output X including propagation for the input of one million yen's worth of domestic final demand. Assuming that physical consumptions are proportional to the domestic output calculated, final physical consumptions were determined by multiplying transaction intensities with the domestic output. The value of X recalculated by applying final demand to Eq. (1) Table   Table 2 shows the calculated intensities. Distribution margins are defined as wholesale + retail + railway + road + coast + port + aviation + consigned forwarding + warehouse. Among them, railway is freight excluding passengers, and road is freight excluding personal use. Input/output tables from 2005 and later contain distribution margins of those products by industry to be input into residential/wooden, residential/non-wooden, non-residential/wooden and non-residential/non-wooden sectors, respectively. The purchaser's price-based intensities shown in Table 2 are each expressed as a weighted average value of distribution margins to be input into residential/wooden, residential/non-wooden, non-residential/ wooden, and non-residential/non-wooden sectors. For products not to be input into construction such as rice, the average values of distribution margins input into all industrial sectors are used. Although the purchaser's price-based intensities differ in value depending upon the industrial 
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sector into which such intensities are input, this paper, the target of which is buildings, prepared a purchaser's price-based table of intensities to be input into the building sector. In the case of transactions per million yen of the purchaser's price, items contained in the table are limited in number and, therefore, domestic outputs by sector and items are used in combination, thus identifying physical transaction intensities for a larger number of items. 
Comparison with Japanese CO 2 Emissions
Fossil fuel consumption and CO 2 emissions by industrial sector were configured per million yen of domestic output and do not include propagation. These intensities were multiplied by domestic output (one million yen) and based on the transaction, fossil fuel consumption and CO 2 emissions resulting from final demand (non-household, household) were added.
Energy [16] and the Greenhouse Gas Inventory Office published 1,287,000 thousand tons-CO 2 [17] . Table 4 shows CO 2 emissions in the construction/civil engineering sector and CO 2 emissions resulting from the operation of family-/business-purpose facilities. Compared with CO 2 emissions in 2000 [3] , it was found that the ratio of CO 2 emissions in the construction industry to those from all of Japan decreased from 6.4% to 5.64% and, in the case of civil engineering, such a ratio decreased from 8.0% to 6.11%. The operation of family-purpose facilities witnessed an increase from 12.7% to 13.96% and the operation of business-purpose facilities saw an increase from 15.0% to 18.43%.
Construction-Related CO 2 Emissions
Analysis of Distribution Margins
Distribution Margins
The Table 5 shows CO 2 emissions resulting from middle margins and purchaser margins in residential/wooden, residential/non-wooden, non-residential/wooden, and non-residential/non-wooden buildings. The values shown in Table 5 are of ultimate CO 2 emissions including propagation as a result of 1 million yen in input. If compared with the average values for all industries, it is found that CO 2 emissions from middle margins in building sectors are scarce at some 35% of all-industry average values while CO 2 emissions from purchaser margins are about 1.8 times, hinting at characteristically heavy CO 2 emissions from purchaser margins in carriage from each factory to the construction site. The total of CO 2 emissions resulting from middle and purchaser margins in building sectors amounts to some 70% of emissions for all industries, finding a small ratio of CO 2 emissions to the output. 
Building Industry and Average Margins for All Industries
Comparison by Margin Type
CO 2 Emissions Resulting from Transportation
Method of Calculation
CO 2 emissions from transportation were calculated for comparison between those in the building industry and other general industries. The CO 2 emissions here were determined from values for freight traffic and passenger transportation to be input into transportation sectors. These correspond to purchaser margins in the industrial sectors in question and the transportation corresponding to middle margins is not included. Tables 6 and 7 show the results of calculation. According to Japanese Road Policy Report [15] , CO 2 emissions resulting from transportation in 2005 were 260,000 thousand tons-CO 2 . In this paper, CO 2 emissions from transportation total 254,417 thousand tons-CO 2 , which is 2.1% less but determined as a roughly reasonable outcome. Calculation assuming that the gasoline and light oil consumed in the family sector be spent for transportation identifies CO 2 emissions resulting from transportation from the family sector as 96,727 thousand tons-CO 2 , which accounts for 38% of transportation overall. Table 6 shows the ratio of CO 2 emissions in each transportation sector to total CO 2 emissions occurring in each industrial sector. A comparison of all industries and the building industry finds almost no freight traffic, level to Canada. In Japan, there are studies about the energy used in the transportation of materials such as steel materials and ready-mixed concrete, etc. [4] [5] [6] [7] , and studies are undertaken from the perspectives of local production for local consumption and the reduction of CO 2 emissions from transportation. Some papers [18] on CO 2 emissions associated with transportation across the building industry report that emissions from wooden detached housing account for 3.4% of the total. In this paper, the share of wooden residential dwellings is calculated from Table 3 to give an almost identical 4.1%.
Calculation Results
Conclusions
This research paper analyzed the 2005 IO table to create building industry-related intensities and, at the same time, compared the building industry with industries at large for distribution margins and transportation. The results are summarized as follows:
(1) A competitive import-type Leontief inverse matrix was prepared and, in combination with the transaction, a method of calculation was given. Crude oil consumption was not used, but physical transactions of fossil fuel consumed in industrial sectors were used;
(2) Energy consumption and CO 2 emissions corresponding to 1 million yen's worth of production and purchase in each industry were listed in a table.
Since from the 2005 IO table, distribution margins came to be shown by material to be input into the building industry, purchaser margins targeting the building industry were used; (3) An analysis of distribution margins separately for middle and purchaser margins found that middle margins in the building industry are minor at 35% of the averages for all industries, while purchaser margins are sizable at 1.8 times, proving that it is an industry for which local production for local consumption is quite effective; (4) CO 2 emissions resulting from transportation in the building industry were calculated and concisely characterized. Although the ratio of transportation CO 2 emissions to total CO 2 emissions in each industry finds almost no difference between general industries and the building industry, transportation CO 2 emissions per production value are 2 to 3 times heavier than those from general industries to be justified as a transportation-intensive industry. In the future, targeting actual buildings, we would like to propose and evaluate a method of reducing CO 2 emissions resulting from construction.
